INTRODUCTION
In 1944 Dougherty and White (1) reported the occurrence of neutrophilia and lymphopenia following the administration of ACTH or adrenal cortical extracts to mice. In 1948 these findings were confirmed in man by Hills, Forsham and Finch (2) , who noted, in addition, a pronounced fall in eosinophils. These changes in the blood have been used widely as an index of adrenal cortical activity. With the development of a method for the determination of 17-hydroxycorticosteroids in small quantities of blood or plasma (3) it has become possible to determine the relationship of the changes in blood steroid levels to the changes in leukocytes.
In order to investigate this relationship, standard doses of various corticosteroids were administered to normal individuals and the alterations in blood 17-hydroxycorticosteroids and in leukocytes were observed at intervals thereafter.
METHODS
Compound E (17-hydroxy-1l-dehydrocorticosterone), compound F (17-hydroxycorticosterone), and compound S (17-hydroxy-11-desoxycorticosterone) were administered as the free alcohols and as the acetate esters. All subjects used were normal young adult males who were fasting at the time the steroids were given, and for at least three hours thereafter. When administered orally, the compounds were mixed with fruit juice, with the exception of compound E acetate, which was given as tab-1 This investigation was supported in part by a research grant from the National Institute of Arthritis and Metabolic Diseases of National Institutes of Health, Public Health Service, and in part by a contract (DA-49-007- ) between the University of Utah and the Department of the Army.
2Postdoctorate Research Fellow of the National Institutes of Health. 2Fellow, American Cancer Society. lets to two subjects (C. F. and T. 0.). When administered intramuscularly, the compounds were in the form of a commercially available saline suspension except as indicated in the tables. Generally, the steroids were administered between 8:00 and 9:00 a.m. Blood was drawn for the steroid and blood cell determinations immediately prior to administration, and at one, four, eight, and 24 hours thereafter. These intervals were selected after preliminary studies in which samples were drawn at one-half hour intervals had demonstrated that the serum steroid peak occurred at approximately one hour and the previous observation of maximum cellular effects at approximately four hours was confirmed. Approximately 30 ml. of blood were drawn at each sampling. Heparin was used as an anticoagulant for the steroid determination and mixed oxalate for the cellular studies.
Determination of 17-hydroxycorticosteroids was carried out by the method of Nelson and Samuels (3). Ten milliliter samples of plasma were generally used for the determination. The Florisil chromatographic column was employed for purification and the micromodification of the color reaction of Porter and Silber was used for quantitation (4) . Compounds E, F, and S give this reaction. All levels of 17-hydroxycorticosteroids given are expressed in terms of iLgm. per 100 ml. of plasma.
Eosinophil counts were performed in duplicate by the method of Randolph (5) . Total leukocyte counts were done in duplicate by routine methods and the average of the two counts was used. Absolute neutrophil and lymphocyte counts were calculated from the total leukocyte and differential counts. The latter were made from cover-slip blood films stained with Wright's stain, on which 500 cells were enumerated. Figure 1 shows a representative response of leukocytes and plasma 17-hydroxycorticosteroid levels following the administration of 200 mgm. of compound F acetate orally. The data on all seven subjects who received this dose of compound F acetate are shown in Table I was seen in either cells or steroids. In the other two subjects the changes were not marked, and in one (J. E.) were delayed. Table V shows the effects of compound F given orally and intramuscularly (in ethanol solution) in the form of the free alcohol in a dose of 100 mgm. It may be seen that a rise in steroids with typical changes in cells occurred in each case by either route of administration with the same time relationships as are noted following oral F acetate ingestion. Oral administration of cortisone resulted in similar changes, as shown in Table VI . Intramuscular administration of free cortisone produced no changes when given suspended in saline, but when given in ethanol solution, typical responses occurred, as shown in Table VII . Compound S, given as the acetate or free alcohol, either intramuscularly or orally, failed to affect significantly the blood steroid levels or the circulating leukocytes, as shown in Table VIII.  Table IX shows the diurnal variations in ster- oids and cells of two subjects, one of whom was studied on two separate days. Any changes which can be attributed to the administered hormone must fall outside this range.
RESULTS

DISCUSSION
From these data it is apparent that following the oral administration of compound F or cortisone, either as the acetate ester or the free alcohol, there results a prompt rise in plasma 17-hydroxycorticosteroid levels, reaching a peak at approximately one hour and gradually falling thereafter. Although the highest levels appear to occur at one hour, no quantitative significance can be attached to the actual value since it is undoubtedly changing rapidly at this time. The levels at four hours are probably changing less rapidly and may be more indicative of the degree of change in steroid level which has occurred. This is well illustrated by the progressively rising four-hour levels in the individual who received various doses of compound F acetate. By eight hours in every case the steroids had returned to control levels, and in many instances they were below these values, suggesting that adrenal activity may have been suppressed by the previous phase of artifi-cially increased steroid concentration. In some cases this was still apparent at 24 hours.
In contrast to the change in steroid levels, the changes in circulating leukocytes were rarely seen at one hour, and were usually maximal at four to eight hours after oral administration of the compounds. In many instances, when the maximal leukocyte alteration occurred at eight hours, the four-hour steroid level was relatively higher, suggesting that the maximum rise in steroids was later than one hour after administration of the steroid. Thus the leukocyte changes appear to lag behind the steroid change by about three to six hours. The occurrence of this lag is of considerable interest in relation to the mechanism of the cellular changes, but the reason for the delay is unknown at present.
Decreases in the average number of both eosinophils and lymphocytes were seen in every case when a significant elevation in steroid levels occurred. The alterations in these two cell types were, in general, closely parallel. At times, the numbers of each were higher at 24 hours than at any time previously. This eosinophilia and lymphocytosis may reflect a period of decreased adrenal activity as previously mentioned, or may be the result of increased cell production following their destruction (1) . Changes in lymphocytes and eosinophils were well correlated with dosage in the individual who received graded doses of compound F acetate. However, the degree of cellular change from individual to individual could not be predicted from the steroid level. Thus, one individual may exhibit changes in the plasma steroid level of considerable magnitude and show only modest changes in the leukocytes, whereas another who may manifest a minimal elevation in the steroid level may show profound changes in the leukocytes.
Neutrophilia was frequently but not constantly seen in these subjects. It was not well correlated with changes in eosinophils or lymphocytes in time or degree. It seems likely that the neutrophilia was a result of hormone administration, although it does not appear to be a good measure of adrenal cortical activity. In terms of numbers of cells, however, the changes in neutrophils are by far the most prominent hematologic alteration, so that leukocytosis was noted frequently. The mechanism producing neutrophilia following steroid administration is entirely obscure; it should be pointed out that no increase in immature granulocytes occurred during the period of observation.
Although many of the subjects showed a decrease in monocytes at the same time that eosinopenia and lymphopenia were noted, this change in monocytes was difficult to evaluate since similar changes were noted in individuals observed throughout the day who did not receive steroids. No significant alterations in basophils were noted, nor were definite changes in volume of packed red cells or platelets seen in the few individuals in whom these measurements were followed.
Under the conditions of our experiments the intramuscular administration of compound F acetate did not produce significant changes in steroids or cells whereas such changes were seen following the intramuscular administration of the free alcohol. This phenomenon may be due to the fact that the free compound was either dissolved or suspended in ethanol, whereas the acetate was in a saline-suspending medium. The fact that the suspending medium is of importance in absorption of steroids from intramuscular sites is demonstrated by the observation that free cortisone produced good effects when administered in ethanol, but not when administered in saline. It is also possible that the presence of the acetate group in the compound results in delayed absorption and utilization. Further studies are under way to elucidate this problem of absorption and hydrolysis of the ester. It should be emphasized that these studies of the usual steroid acetate suspensions for intramuscular injection were carried out by the use of single large doses and that the effect of repeated administration was not tested. It is quite possible that repeated administration might alter the steroid levels as well as cellular relationships. On the other hand, the relatively slow clinical effect of intramuscular cortisone acetate in contrast to its oral administration is no doubt related to the pharmacological implications of these studies.
Compound S given as the acetate or free alcohol was ineffective in producing changes in either steroid levels or cells, by either route of administration. Since this compound was prepared in a different physical form from the compounds E and F, it is possible that differences in particle size may play a role in its failure to increase steroid levels.
SUMMARY AND CONCLUSIONS 1. The administration by mouth of cortisone, cortisone acetate, compound F (Kendall) and compound F acetate to normal human subjects regularly resulted in an elevation of blood levels of 17-hydroxycorticosteroids, and in neutrophilia, lymphopenia, and eosinopenia. The administration of cortisone and compound F intramuscularly in alcoholic solution produced similar responses. The administration of compound F acetate intramuscularly did not result in these changes, whereas the administration of cortisone acetate produced them irregularly. No significant changes followed the administration of compound S or compound S acetate either orally or intramuscularly.
2. The maximum elevation of blood 17-hydroxycorticosteroid levels occurred approximately one hour after administration of the compound by either route. The maximum change in blood cells took place four to eight hours after administration.
3. Changes in eosinophils and in lymphocytes following steroid administration appeared to be closely related to each other, whereas changes in neutrophils, although generally greater in magnitude, appeared not to be closely related to other cellular changes either in time or degree.
4. The cellular changes that occurred following administration of these steroids appeared to be closely related to dosage and plasma 17-hydroxycorticosteroid levels.
